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Abstract: Most infrastructure project developments are complex in nature, particularly in planning phase. 
During this stage, many vague alternatives occur - from the strategic to operational level. Human judgement 
and decision making are characterized by biases, errors and the use of heuristics. These factors are 
intangible and hard to measure because they are subjective and qualitative in nature. The problem of human 
judgement becomes more complex when a group of people are involved. The variety of different 
stakeholders may cause conflict due to differences in personal judgements. Hence, the available alternatives 
increase and contribute to the complexities of the decision making process. Therefore, it is desirable to find 
ways of enhancing the efficiency of decision making to avoid such misunderstandings and conflict within 
organisations. As a result, numerous attempts have been made to solve problems in this area by leveraging 
technologies such as Decision Support System (DSS). However, most construction project management 
DSSs only concentrate on model development and leave few fundamentals of computing such as 
requirement engineering, communication, data management and human centred computing. Thus, DSSs are 
complicated and are less efficient in supporting the decision making of project team members. It is desirable 
for DSSs to provide more simplicity, a better collaborative platform, efficient data manipulation and adequate 
reflection of user needs. A framework for a more desirable DSS environment is presented. In addition, some 
key issues related to DSS implementation are also described. 
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1. Introduction 
Infrastructure projects are sophisticated and dynamic in nature. As a result, successful 
projects need good teamwork. In many countries, most infrastructure projects share the 
same characteristics in terms of management aspects and shortcomings. Human factors 
are believed to be a major cause of difficulties due to the presence of unstructured 
problems, and which can further contribute to management conflicts. This growing 
complexity in infrastructure projects has shifted the paradigm of policy makers to adopt 
Information Communication Technology (ICT) as a driving force in infrastructure project 
planning (Howes & Robinson, 2005, p. 35). Therefore, many tools have been developed to 
assist decision making in construction project management. The variety of uncertainties 
and alternatives in decision making can be accommodated by using tools such as DSSs. 
However, most DSSs in this area only concentrate in model development and left few 
fundamentals of computing. Thus, most tools are complicated and unable to support 
decision making by project team members.  
The aim of this paper is to investigate the recent development of DSSs in the area of 
construction project management.  The paper starts from the basic concept of 
infrastructure project planning with emphasis on decision making. Later, decision tools 
such as DSSs are discussed together with the current issues concerning DSS 
implementation.  
2. Infrastructure Project Planning 
Typically, infrastructure project planning is based on top-down approach where it is 
ranging from strategic to operational planning (Niekerk & Voogd, 1999, pp. 22-24). The 
term strategic is devoted to incorporate issues relating to long term planning while 
operational focuses on how to get tasks done. Initially, an earlier framework has been 
                                            
1
 PhD Student, School of Urban Development, Queensland University of Technology. 
2
 Associate Professor, School of Urban Development, Queensland University of Technology. 
3
 Lecturer, School of Urban Development, Queensland University of Technology. 
The Second Infrastructure Theme Postgraduate Conference, 2009 
87 
proposed by Grigg (1988, p. 65) which modelled infrastructure planning to few stages and 
classification (see Figure 1). 
 
               
 
Figure 1:  Stages and classification of infrastructure planning (adapted from Grigg (1988, p.65)) 
Based from the above model, policy planning is devoted to develop the overall policies that 
will govern entire program or approach. An example would be the study the need to 
subsidize infrastructure to improve the chance of economic development. Secondly, 
program planning refers to activities that have to be done for each service category such 
as transportation, roads, water, or waste water management. Program planning may 
include capital and operating components. Meanwhile, master planning specify where and 
when facilities should be developed.  Next, action planning enables the action agency to 
decide how to solve problems which may arise. Finally, design stage may sit in between 
planning and construction phase. The establishment of stakeholders and project team will 
reside on program planning. 
3. Decision Making in Infrastructure Planning 
At this stage, a lot of management judgement issues arise within this level. Heijden (1996, 
pp.18) reported that most of the European countries experiences a rising complexities in 
infrastructures planning and it is difficult to manage. This is indicated by the trend of 
increasingly longer period of planning and decision making with respect to each projects. 
Some project may exceed up to ten years of planning stage due to several factors such as 
technical, financial, management bureaucracy, organisational affairs, culture, societal and 
political influences.  Traditionally, projects were dominated by classical engineer results in 
a mono-disciplinary approach with a focus on the technical engineering issues such as 
physical aspect and its use (Perez & Ardaman, 1988, p. 71). Thus, this approach had left 
the aspect of management and social evaluation.  
The variety of different stakeholder’s background may impact to the group conflict due to 
different personal judgement. Hence, these trends increased the available alternatives and 
contribute to complexities of current decision making process in infrastructure project 
planning. For an instance, the past mistake was illustrated by the Dutch freight rail line 
project (Heijden, 1996, pp. 21-23). This is the result of a chaotic project planning which is 
not based on a broad societal consensus and many aspects of uncertainties had been 
ignored. 
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Later, more refined management judgement problems related to infrastructure project 
planning and decision making had been studied by Niekerk & Voogd (1999, p.28). To 
inline with Grigg’s model, these problems can be illustrated by referring the functional 
tasks ranging from strategic to operational level. Table 1 lists possible problems in 
decision making throughout planning stages. It can be seen that most of the problems 
concern on variety of alternatives and uncertainties. 
 Table 1 Problems related to infrastructure planning and decision making in strategic and 
operational level (Niekerk & Voogd, 1999, p. 28) 
Strategic Level Operational Level 
• Alternatives are often too broad an 
abstract. 
• Insufficient information about the effects of 
alternatives. 
• Insufficient information about the 
possibilities and effects of mitigating the 
flanking policies 
• It is difficult to generate direct feedback 
from public and politics 
• Insufficient information and, hence, 
fundamental discussions about strategic 
issues. 
• Insufficient information about the 
possibilities and effects of mitigating and 
“flanking” policies. 
• Increase of uncertainty due to societal 
dynamics of plan-making process because 
of involvement of local politics and interest 
groups 
 
Research shown that most of infrastructure projects around the world share the same 
characteristics in term of management aspects, shortcoming, cause of drawback and 
solutions (Flyvbjerg, 2005, pp. 50-52). Planning and decision making is often occur as a 
multi-actor processes with conflicting interest throughout project team. As a consequence, 
the communication and misinformation problems may arise among team member as the 
planning of infrastructure project will consume long time and efforts.  Therefore, it is 
important to understand the fundamental concept of decision making process. 
Decision making is a transparent process, where the contents of the problem determines 
the planning and design decision consequently (Heijden, 1996, p. 18).  These decisions 
should be fed up by content related information and knowledge. This is the task where 
team member should involve in brainstorming, collaboration and knowledge transfer 
process. The problems of too many alternatives and uncertainties in infrastructure 
planning can be precisely modelled by using traditional technique such as decision-event 
approach or a more advanced technique i.e. system or decision support (Schmidt & 
Freeland, 1992, p. 189).  
4. Decision Support System 
DSS are computer programs that aid users in problem solving or decision-making 
environment. The system have detailed knowledge, data, models, algorithms, user 
interfaces, and control mechanisms to support a specific decision problem  (Bhargava & 
Tettelbach, 1997, p. 48). They are especially valuable in situations in which the amount of 
available information is prohibitive for the intuition of an unaided human decision maker. 
Much research has been conducted in the area of DSS, however only a few research 
considering DSS as planning tools specifically for infrastructure planning. Thus, this 
section will bridge the gap between the available decision technology concepts to 
management aspect of infrastructure planning. Based on the previous section on Grigg’s 
model, infrastructure planning comprises from strategic to operational level and DSS 
should support and maintain the existing management decision structure. As mentioned 
before, differences in project team will result to project conflict and communication 
problems. Hence, the following framework seems promising to adopt any infrastructure 
planning as tools by integrating DSS within current Information Systems (see Figure 2).  In 
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addition, this framework provides a proportional balance between conflict and 
communication as the decision type move from strategic to operational level. 
Based on Figure 2, Group Decision Support System (GDSS) is a type of DSS which can 
support group decision making and it is useful in Strategic Decision level. GDSS can be 
defined as an interactive computer based systems that facilitate the solution of semi-
structured to unstructured problems by a set of decision makers working together as a 
group (Bohanec, 2001, para. 20). They aid groups, especially group of managers, in 
analysing problem situations and in performing group decision making task.  On the other 
hand, Distributed Decision Support (DDM) and Single User Decision Support (SUDSS) are 
suitable for lower level decision making particularly on Tactical Decision and Operational 
Decision (Eom, Lee & Suh, 1990, pp. 218-219). Theoretically, GDSS encompass all stand 
alone DSS’s (e.g. DDM and SUDSS) characteristic and this has been the major strength of 
GDSS as a tool to resolve conflicts within group of people. In our context, GDSS is 
suitable to support group decision specifically in infrastructure project planning where it 
involve various parties that contribute to top level decision making. 
 
Figure 2:  Decision types, focus and strategy (Eom et al., 1990, p. 219) 
5. DSS for Construction Project Management 
Recent advances in decision making technology have been spread into a wide and diverse 
area particularly in construction project management. A growing interest of DSS in 
construction project management has been identified as a promising and interesting 
research area. From the late 1990s onwards, it is obvious that contribution of DSS 
applications in construction project management grows significantly. With faster hardware 
and advanced software, ICT has been used as a tool to support decision making in each 
project life cycle phase. Most of these researches have been applied in planning phase 
with different kind of application and DSS techniques. For an instance, Shen & Grivas 
(1996, p. 40-49) attempted to deploy DSS for the preservation of civil infrastructure. The 
research was conducted to illustrate the database and knowledge base specification to 
assess the damage of pavement structure. Later, DSS application was spread to project 
planning area where building procurement (Kumaraswamy & Dissanayaka, 2001, pp. 338-
347) and web-based for design build project selection (Molenaar & Songer, 2001, pp. 259-
266) has been developed. Both of these researches employ knowledge base technology 
with some integration of artificial intelligence techniques and statistics. 
In recent years, DSS researchers in this area are moving forward to solve Multi-Criteria 
Decision Making (MCDM) problems. MCDM techniques such as Analytical Hierarchical 
Process (AHP) and Fuzzy Logic are the mostly used for qualitative based DSS particularly 
in contractor selection(Ibrahim, Mike, Sami & Alex, 2002, pp. 36-37), supplier selection 
(Kahraman, Cebeci & Ulukan, 2003, pp. 385-390) and equipment selection (Shapira & 
Goldenberg, 2005, pp. 1263-1272). Apart from that, there is also a DSS that has been 
implemented to evaluate concession project investment by using mathematical modelling 
and finance analysis (McCowan & Mohamed, 2002, pp. 127-137). Significantly, most DSS 
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applications in these years have been develop in planning phase and moving towards 
qualitative modelling.  
In  addition  to  the  currently prevailing  quantitative  modelling,  simulation  and  
optimization methods, qualitative methods will become increasingly  important  for  
exploring  symbolic,  qualitative aspects of the decision process: experience, intuition,  
judgment,  and  specialist  expertise (Bohanec, 2001, para. 25). This is important to 
minimize uncertainties and select the best alternatives. Ideally, the new approaches would 
provide a seamless integration of qualitative and quantitative modelling. Hence, MCDM 
DSS is possible to be explored in construction project management area particularly in 
planning phase.  
6. Research Direction for Future DSS Development 
Many researchers have attempted to solve “selection” based problems in construction 
project management area by using DSS tools (Al-Besher, 1998, pp. 117-138; Chow & Ng, 
2007, pp. 427-433; Ibrahim et al., 2002, pp. 29-37; Kahraman et al., 2003, pp. 382-394; 
McCowan & Mohamed, 2002, pp. 127-137; Shapira & Goldenberg, 2005, pp. 1264-1272). 
Due to this situation, those tools were found only concentrated on model development and 
left the essences of computing such as software engineering, communication technology, 
information management and human centred computing. Therefore, main research 
problem has been identified where most of the tools were complicated and lack of benefit 
or usability. Due to the current incapability of many software aspects, it is desirable for 
DSS to provide more simplicity, better collaborative platform, efficient data manipulation 
and reflection. Pursuing to this, we identify four important key issues i.e. unstructured 
requirement engineering, lack of communication framework, vagueness of data 
management and interoperability, and disregard of software usability aspects. 
6.1. Unstructured Requirement Engineering 
According to Betty & Joanne (2007, para. 2), “requirement engineering” is the process by 
which the requirements of the software are determined. It is founded that most DSS for 
selection based problem in construction project management do not employ a structured 
requirement engineering method as most of them only concentrate on requirement 
analysis (Manoharan, 2005, pp. 98-117; McCowan & Mohamed, 2002, pp. 127-137; 
Shapira & Goldenberg, 2005, pp. 1264-1272). Requirement analysis is the concept of 
decision modelling which may comprise prioritisation of alternatives (Tsui & Karam, 2007, 
pp. 151-166). Only a few of them attempt to adopt software engineering techniques 
(McCowan & Mohamed, 2002). However, it is still not enough to achieve a reliable and 
quality DSS. The lack of software specifications has led to unused model due to its failure 
to hide its complexity (Qijia, Jian, Jiazhi, Kwok & Ou, 2005, pp. 403-404). Software 
specifications may adopt few techniques from software engineering modelling such as 
Entity Relationship Diagram (ERD), Data Flow Diagram (DFD), Unified Modelling 
Language (UML), or even formal mathematical notations language (Tsui & Karam, 2007, 
pp. 144-167). 
6.2. Lack of Communication Framework 
Communication is a vital element of DSS. Without communication, there is no 
collaboration. Individual decision makers must communicate with different stakeholder. 
However, due to the complexity of the project, conflicts may arise as group members 
possess different interest, views, and background (Niekerk & Voogd, 1999, p. 26). To 
minimize conflicts, communication element must be added in DSS project management 
features. However, only a few research in construction project management adopt web 
based DSS as an option (Bhargava & Tettelbach, 1997, pp. 47-65), while the rest does not 
feature any communication capabilities in their development (Chow & Ng, 2007, pp. 427-
433; Ibrahim et al., 2002, pp. 29-37; Kahraman et al., 2003, pp. 382-394). Nevertheless, 
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some research that adopted web based DSS, yet still does not provide a sufficient platform 
for group decision making (Bhargava & Tettelbach, 1997, pp. 47-65). 
6.3. Vagueness of Data Management and Interoperability  
According to Turban et al. (2005, p. 113), Database Management System (DBMS) can be 
defined as a software program for adding information to a database and updating, 
deleting, manipulating, storing, and retrieving information. Unfortunately, there is some 
confusion about the appropriate role of DBMS and spreadsheets. This is because many 
DBMS offer capabilities similar to those available in spreadsheet such as Excel, and this 
enables DBMS user to perform DSS spreadsheet work with a DBMS (Turban, Aronson & 
Liang, 2005, pp. 110-113). In DSS research, little attention has been devoted to database 
and data management particularly in MCDM based area. Only few attempts have been 
made to leverage the capabilities of database features (Spainhour, Mtenga & Sobanjo, 
1999, pp. 187-196) for multicriteria DSS, however none consider a datatabase which can 
support a multicriteria specifically for group decision making (Manoharan, 2005, pp. 98-
117; Shapira & Goldenberg, 2005, pp. 1264-1272). Therefore, there are needs to provide 
a framework to design a robust database for data collection and manipulation specifically 
for multicriteria DSS. Furthermore, the framework should also encompass the integration 
and interoperability with existing legacy system such that no sub-systems are isolated.  
6.4. Disregard of Software Usability Aspects 
As the DSS become complex by the nature of its models, “user-centred design” 
increasingly important for software development to consider the aspect of usability (Seffah 
& Metzker, 2004, p. 71). Usability determines how effectively and comfortably an end user 
can achieve the goals that gave rise to an interactive system (Bass, John & Bass, 2001, p. 
113). As many of those DSS users come from diverse background and may possess 
moderate computing skills, it is desirable that DSS should incorporate human factor in its 
development. Instead of the validation of consistency in model checking, it is also 
important that the software should be verified by users for its usefulness. Many of research 
in this area discarded the aspect of human computing and there is no evaluation by the 
user on how good the system been implemented (Kumaraswamy & Dissanayaka, 2001, 
pp. 337-349; McCowan & Mohamed, 2002, pp. 127-137; Molenaar & Songer, 2001, pp. 
259-267; Shen & Grivas, 1996, pp. 40-49; Spainhour et al., 1999, pp. 187-197). 
7. Conclusions and Future Works 
Most of the infrastructure project developments undertaken in many countries are 
commonly complex in nature. They demands greater skill and technologies, fast track work 
practices, good decision making and analytical skill, and capabilities to utilize ICT 
specifically in planning phase. During this stage, a lot of vague alternatives were found 
from strategic to operational level. Therefore, it is desirable to find ways to enhance the 
efficiency of decision making to avoid such misunderstanding and conflict within 
organisation or group of people. The variety of uncertainties and alternatives in decision 
making can be entertained by using useful tool such as DSS. However, the recent trend 
shows that most DSS in this area only concentrated in model development and left few 
fundamentals of computing. Thus, most of them were found complicated and less efficient 
to support decision making within project team members. Due to the current incapability of 
many software aspects, it is desirable for DSS to provide more simplicity, better 
collaborative platform, efficient data manipulation and reflection to user needs. By 
considering these factors, this paper has presented four key issues for future DSS 
development i.e. unstructured requirement engineering, lack of communication framework, 
vagueness of data management and interoperability, and disregard of software usability 
aspects. 
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This paper provides a preliminary study of DSS and the work will progress on the 
development of DSS for consultant selection in public sector. Unaided decision making 
particularly for consultant selection has been identified as a problem in Malaysian water 
management. Thus, this will become our trigger to develop an efficient and effective DSS. 
The expected result of this research will provide well structured DSS implementation 
framework that will fit in between computing and construction project management area.  
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